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Abstract.  
 
Background: Primary endocrine therapy (PET) is used as an alternative to surgery in up to 40% of UK 
women with early breast cancer over age 70.  This study has investigated the impact of surgery 
versus PET on breast cancer specific survival (BCSS) in older women.  
 
Methods: Cancer registration data were obtained from two English regions from 2002 to 2010 
(n=23,961). A retrospective analysis was performed for women with ER positive disease, using 
statistical modelling to show the effect of treatment (surgery or PET) and age/health status on BCSS. 
Missing data was handled using multiple imputation. 
 
Results: After data pre-processing, 18,730 (78.5%) were identified as having ER positive disease;  of 
these, 10,087 (54%) had surgery and 8,643 (46%) had PET.   BCSS was worse in the PET group 
compared with the surgical group (5 year BCSS: 69% v 90% respectively).  This was true for all strata 
considered, though the differential was lessened in the cohort with the greatest degree of 
comorbidity. For older, frailer patients the hazard of breast cancer death has less relative impact on 
overall survival. Selection for surgery on the basis of predicted life expectancy may permit selection 
of women for whom surgery confers little benefit.  This model is being used to develop an on-line 
algorithm to aid management of older women with early breast cancer (Age Gap Risk Prediction 
Tool).    
 
Conclusion: BCSS in older women with ER positive disease is worse if surgery is omitted.  This 
treatment choice may, therefore, contribute to inferior cancer outcomes.  
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INTRODUCTION 
In the UK, women over the age of 70 account for more than 30% of all diagnoses of breast cancer(1). 
Treatment of older breast cancer patients in the UK differs from that recommended by National 
guidelines across the spectrum of therapy (2, 3). Rates of breast surgery for operable disease are 
lower in women aged over 70 than for younger patients (3, 4). In addition, practice varies by UK 
health region, with rates of surgery varying between 60% and 88%:  a difference that cannot be 
accounted for by case mix (5). 
 Older women in other developed nations, such as the Netherlands and the Republic of Ireland are 
less likely to receive surgery for breast cancer than their younger counterparts, but the discrepancy 
is lower than that observed in the UK(6, 7). In the USA rates of surgical treatment for stage I-II 
disease remain over 90% for patients aged 90 and over (8). 
Relative survival for breast cancer in the UK is inferior to that seen in a number of other developed 
nations, particularly in this older age group (9). This pattern persists after accounting for stage at 
diagnosis, suggesting that some of the discrepancy is due to suboptimal management rather than 
late presentation. 
For women with oestrogen receptor positive (ER+) operable breast cancer, primary endocrine 
therapy (PET) is the main alternative to surgery.  Primary endocrine therapy in this context is defined 
as treatment with an anti-oestrogen, such as tamoxifen or an aromatase inhibitor, without surgical 
intent.  Historic randomized trials of PET compared with surgery, both with and without adjuvant 
tamoxifen, suggested that in women aged 75 or over there was no evidence of a difference either in 
terms of overall (OS) or breast cancer specific survival (BCSS) between the two approaches at 5 year 
median follow up (10). On very long term follow up, survival outcomes in the non-surgical group 
were inferior(11), as would be expected considering that secondary anti-oestrogen resistance 
develops with time.   Evidence suggests,  that women in the 70-75 year age range may benefit from 
surgery even at 5 year follow-up (12). Local disease control was considerably worse with PET even 
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on short and medium term follow up (11-13), with a significantly greater number of patients 
requiring a change of management on disease progression. The trials were flawed by modern 
standards: patients with co-morbidities were excluded and the surgical arm therapies were often 
substandard with no adjuvant chemotherapy, and no chest wall or breast radiotherapy.  As a result, 
the trial populations did not reflect the heterogeneity in health states typical of the older population 
nor the sophistication of modern breast cancer care. Furthermore, these trials do not reflect the 
advances in surgical and anaesthetic techniques, the introduction of third generation aromatase 
inhibitors or the increase in life expectancy over the last four decades (from 75.3 years  in 1971 to 
83.2 years in 2012-14)(14).  Rates of mortality and morbidity from modern day breast cancer surgery 
were very low in a recent  National UK audit, suggesting that surgery is safe in the majority of older 
woman (15).  These historic trials may no longer fully represent modern practice and outcomes. 
 
A recent review of evidence from non-randomised cohort studies has suggested that surgery may be 
more effective than PET in terms of BCSS (10). Cohort studies are often better able to include 
representative populations, and provide information on outcomes of treatment in a  “real ǁŽƌůĚ ? 
clinical setting. However, the studies included in this review did not attempt to account for the 
differing patient characteristics between women treated with surgery and those with PET. On 
average, women are more likely to receive PET if they are older and have chronic comorbidities (16, 
17). This confounds overall survival estimates and will increase non-breast cancer mortality in the 
non-surgically treated patients. Similarly, disease characteristics such as stage at diagnosis and 
tumour grade are associated with treatment choice.  Bates and colleagues (2014) found that large 
tumour size (>5cm) and node positivity were associated with non-surgical treatments suggesting 
that selection bias by stage of disease may confound the outcomes of observational studies in 
favour of surgery (17).   In addition women who have surgery are usually those with early stage 
disease as surgery is not appropriate or possible in advanced breast cancer.  Outcomes in the non-
surgical group may appear worse if women with advanced disease remain under-staged and are 
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mistakenly categorised as having early stage disease. This causes confounding in estimates of breast 
cancer specific survival.    Observed differences in outcomes seen in these cohort studies cannot, 
therefore, be assumed to be solely due to treatment.  Another issue in observational data is that 
cause of death may be misclassified as due to breast cancer whereas in a randomised trial efforts to 
establish the actual cause of death may be more rigorous.    
There are significant barriers to conducting sufficiently powered randomised clinical trials in older 
breast cancer patients (18). The Endocrine+/- Surgical Therapy for Elderly women with Mammary 
Cancer trial (ESTEeM) was a recent attempt to conduct an age and fitness stratified randomised trial 
to compare these treatment approaches. It failed, with the study closing in 2009, due to slow 
recruitment (18). In light of this, it is necessary to make use of observational evidence, combined 
with mathematical modelling, to adjust for issues such as confounding, in order to assess how 
treatment choices impact on outcomes. 
 
The aim of this study was to investigate how current UK practice in the surgical treatment of older 
women (age >70 years) with breast cancer affects breast cancer survival at the population level. A 
retrospective cohort analysis was conducted using UK Cancer Registry data.  The data were routinely 
collected from two English cancer registration regions which are demographically representative of 
the wider UK population (West Midlands and Northern & Yorkshire). The effect of PET versus 
surgical treatment on survival outcomes was assessed using exploratory data analysis and survival 
analysis methods.  
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METHODS 
Data 
ĂƚĂŽŶĂůůĨŝƌƐƚĚŝĂŐŶŽƐĞƐŽĨŝŶǀĂƐŝǀĞďƌĞĂƐƚĐĂŶĐĞƌŝŶǁŽŵĞŶĂŐĞĚ ? ?ĂŶĚŽǀĞƌďĞƚǁĞĞŶƚŚĞǇĞĂƌƐŽĨ
 ? ? ? ?ĂŶĚ ? ? ? ?ǁĞƌĞĂĐƋƵŝƌĞĚĨƌŽŵƚǁŽh<ĐĂŶĐĞƌƌĞŐŝƐƚƌǇƌĞŐŝŽŶƐ ?tĞƐƚDŝĚůĂŶĚƐ ?EŽƌƚŚĞƌŶ ?
zŽƌŬƐŚŝƌĞ ? ?sĂƌŝĂďůĞƐƉƌŽǀŝĚĞĚĨŽƌĂŶĂůǇƐŝƐĂƌĞƐŚŽǁŶŝŶdĂďůĞ ? ?dŚĞƉĂƚŝĞŶƚĂŶĚĚŝƐĞĂƐĞǀĂƌŝĂďůĞƐ
ĂƌĞƌĞƉƌĞƐĞŶƚĂƚŝǀĞŽĨǁŝĚĞƌh<EĂƚŝŽŶĂůĚĂƚĂŝŶƚĞƌŵƐŽĨƚŚĞĂŐĞĚŝƐƚƌŝďƵƚŝŽŶ ?ĚĞƉƌŝǀĂƚŝŽŶƉĂƚƚĞƌŶ ?
ƚƵŵŽƵƌƐƚĂŐĞĂŶĚďŝŽůŽŐŝĐĂůƐƵď-ƚǇƉĞĚŝƐƚƌŝďƵƚŝŽŶƐ ?^ƵƌǀŝǀĂůĚĂƚĂǁĂƐĚĞƌŝǀĞĚĨƌŽŵĚĞĂƚŚ
ĐĞƌƚŝĨŝĐĂƚŝŽŶƐĨƌŽŵƚŚĞKĨĨŝĐĞĨŽƌEĂƚŝŽŶĂů^ƚĂƚŝƐƚŝĐƐ ?dŝŵĞƚŽĚĞĂƚŚǁĂƐĚĞĨŝŶĞĚĂƐƚŚĞĚŝĨĨĞƌĞŶĐĞŝŶ
ĚĂǇƐďĞƚǁĞĞŶƚŚĞĚĂƚĞŽĨĚŝĂŐŶŽƐŝƐĂŶĚƚŚĞĚĂƚĞŽĨĚĞĂƚŚ ?WĂƚŝĞŶƚƐǁŚŽƌĞŵĂŝŶĂůŝǀĞǁĞƌĞĐĞŶƐŽƌĞĚ ?
ĂƵƐĞŽĨĚĞĂƚŚǁĂƐƌĞĐŽƌĚĞĚďǇƚŚĞƌĞŐŝƐƚƌǇĂƐĞŝƚŚĞƌ “ďƌĞĂƐƚĐĂŶĐĞƌ ? ? “ŽƚŚĞƌ ?ĐĂŶĐĞƌ ? ? ? “ŽƚŚĞƌ ?ŶŽŶ-
ĐĂŶĐĞƌ ? ? ? “ŽƚŚĞƌ ?ƵŶŬŶŽǁŶ ? ?Žƌ “ƵŶŬŶŽǁŶ ? ?&ŽƌƚŚĞƉƵƌƉŽƐĞƐŽĨƚŚŝƐĂŶĂůǇƐŝƐ ?ĚĞĂƚŚƐǁĞƌĞĐůĂƐƐŝĨŝĞĚ
ĚŝĐŚŽƚŽŵŽƵƐůǇĂƐĞŝƚŚĞƌ “ďƌĞĂƐƚĐĂŶĐĞƌ ?Žƌ “ŶŽƚďƌĞĂƐƚĐĂŶĐĞƌ ? ? 
dŚĞĚĂƚĂƉƌĞƐĞŶƚĞĚŝŶdĂďůĞ ?ŚĂĚďĞĞŶƉƌĞ-ƉƌŽĐĞƐƐĞĚĂƐĚĞƐĐƌŝďĞĚŝŶ^ƵƉƉůĞŵĞŶƚĂůDĂƚĞƌŝĂůƐ ?/Ŷ
ƉĂƌƚŝĐƵůĂƌ ?ŽĞƐƚƌŽŐĞŶƌĞĐĞƉƚŽƌ ?Z ?ƐƚĂƚƵƐǁĂƐŶŽƚĐŽŵƉůĞƚĞůǇƌĞĐŽƌĚĞĚĨŽƌĂůůƉĂƚŝĞŶƚƐ ?
ƉƌĞĚŽŵŝŶĂŶƚůǇŝŶƚŚĞEŽƌƚŚĞƌŶĂŶĚzŽƌŬƐŚŝƌĞƌĞŐŝŽŶ ?/ŶƚŚĞtĞƐƚDŝĚůĂŶĚƐ ? ? ? ?A?ŽĨƉĂƚŝĞŶƚƐŚĂĚ
ŵŝƐƐŝŶŐZƐƚĂƚƵƐĚĂƚĂŽǀĞƌƚŚĞ ? ? ? ?-  ? ? ?ƉĞƌŝŽĚ ?ŝŶƚŚĞEŽƌƚŚĞƌŶ ?zŽƌŬƐŚŝƌĞƌĞŐŝŽŶZƐƚĂƚƵƐǁĂƐ
ŶŽƚĂǀĂŝůĂďůĞĨŽƌƉĂƚŝĞŶƚƐĚŝĂŐŶŽƐĞĚďĞĨŽƌĞ ? ? ? ? ?ŝŶ ? ? ? ? ? ?A?ŽĨƉĂƚŝĞŶƚƐŚĂĚŵŝƐƐŝŶŐĚĂƚĂ ?WĂƚŝĞŶƚƐ
ǁŝƚŚŵŝƐƐŝŶŐZƐƚĂƚƵƐǁŚŽŚĂĚƌĞĐĞŝǀĞĚŚŽƌŵŽŶĞƚŚĞƌĂƉǇǁĞƌĞĂƐƐƵŵĞĚƚŽŚĂǀĞŚĂĚZA?ĚŝƐĞĂƐĞ ?
dŚŝƐǁĂƐũƵƐƚŝĨŝĞĚďǇƚŚĞĨĂĐƚƚŚĂƚŚŽƌŵŽŶĞƚŚĞƌĂƉǇŝƐŽŶůǇĞĨĨĞĐƚŝǀĞĨŽƌĂŶĚŽĨĨĞƌĞĚƚŽZA?ƉĂƚŝĞŶƚƐ ?
ǁŚŝĐŚǁĂƐƌŽƵƚŝŶĞůǇƚĞƐƚĞĚĨŽƌƚŚƌŽƵŐŚŽƵƚƚŚŝƐƚŝŵĞƉĞƌŝŽĚĂŶĚƚŚĞƌĞĨŽƌĞŝƚŝƐƌĞĂƐŽŶĂďůĞƚŽƐƵƉƉŽƐĞ
ƚŚĂƚŚŽƌŵŽŶĞƚŚĞƌĂƉǇǁŽƵůĚŶŽƚŚĂǀĞďĞĞŶŐŝǀĞŶƚŽǁŽŵĞŶǁŝƚŚZŶĞŐĂƚŝǀĞƚƵŵŽƵƌƐ ?WƌĞǀŝŽƵƐ
ŝŶƚĞƌŶĂůĚĂƚĂƋƵĂůŝƚǇĂƵĚŝƚƐďǇƚŚĞĐĂŶĐĞƌƌĞŐŝƐƚƌǇŚĂǀĞƐŚŽǁŶƚŚĂƚŚŽƌŵŽŶĞƚŚĞƌĂƉǇĚĂƚĂŝƐƌĞůŝĂďůĞ
ĨŽƌƚŚĞEŽƌƚŚĞƌŶ ?zŽƌŬƐŚŝƌĞƌĞŐŝŽŶ ? 
ĂƚĂŽŶƐƵƌŐŝĐĂůƉƌŽĐĞĚƵƌĞƐǁĞƌĞĂǀĂŝůĂďůĞĨƌŽŵůŝŶŬĞĚƌĞĐŽƌĚƐŽĨƚƌĞĂƚŵĞŶƚĞƉŝƐŽĚĞƐ ?dŚĞƐĞŝŶĐůƵĚĞ
ƚŚĞKW^ ?ĐŽĚĞŽĨƚŚĞƉƌŽĐĞĚƵƌĞ ?Ɛ ?ƌĞĐĞŝǀĞĚĂůŽŶŐǁŝƚŚƚŚĞĚĂƚĞŽĨƚŚĞĞƉŝƐŽĚĞ ?ƉĂƚŝĞŶƚǁĂƐ
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ĐůĂƐƐĞĚĂƐƌĞĐĞŝǀŝŶŐƉƌŝŵĂƌǇƐƵƌŐĞƌǇŝĨƚŚĞǇŚĂĚĂŶĞƉŝƐŽĚĞŝŶĐůƵĚŝŶŐĂƉƌŽĐĞĚƵƌĞŝŶĚŝĐĂƚŝŶŐďƌĞĂƐƚ
ƐƵƌŐĞƌǇƌĞĐŽƌĚĞĚǁŝƚŚŝŶ ?ŵŽŶƚŚƐŽĨĚŝĂŐŶŽƐŝƐ ?ŽŵŽƌďŝĚŝƚǇǁĂƐĚĞƌŝǀĞĚĨƌŽŵůŝŶŬĞĚƌĞĐŽƌĚƐŝŶƚŚĞ
,ŽƐƉŝƚĂůƉŝƐŽĚĞ^ƚĂƚŝƐƚŝĐƐĚĂƚĂƐĞƚĂŶĚĂŐŐƌĞŐĂƚĞĚƵƐŝŶŐƚŚĞŚĂƌůƐŽŶŽ-ŵŽƌďŝĚŝƚǇ/ŶĚĞǆ ?/ ? ? ? ? ?
ďǇĐŽƵŶƚŝŶŐĚŝĂŐŶŽƐƚŝĐĐŽĚĞƐƌĞĐŽƌĚĞĚŝŶĞƉŝƐŽĚĞƐŝŶƚŚĞ ? ?ŵŽŶƚŚƐƉƌŝŽƌƚŽĚŝĂŐŶŽƐŝƐ ?ĂŶĂƉƉƌŽĂĐŚ
ƵƐĞĚŝŶŽƚŚĞƌƐƚƵĚŝĞƐƵƐŝŶŐƌŽƵƚŝŶĞƌĞŐŝƐƚƌĂƚŝŽŶĚĂƚĂ ? ? ? ? ? 
 
[INSERT TABLE 1]  
 
Statistical analysis 
Exploratory survival analysis consisted of plotting cumulative incidence curves for breast cancer and 
other cause mortality for patients treated surgically and non-surgically. The effect of treatment and 
other covariates on breast cancer specific survival were estimated using two models. The first was 
the commonly used Cox proportional hazards model (21), which estimates the effects of covariates 
on survival outcomes but makes no assumptions about the shape of the underlying survival curve. 
The second was the Royston-Parmar model,(22) which relaxes the proportional hazards assumption, 
allowing the effect of a covariate to vary over time. On the basis of exploratory analysis, the effects 
of age at diagnosis and treatment options (surgery or PET) were modelled as time varying and the 
others were modelled as time invariant.   It also specifies a flexible functional form for the 
underlying hazard, making it easier to extrapolate to predictions of future outcomes.  
The registry data contained a number of variables with a non-negligible proportion of missing values 
(Table 1). If every patient with any missing data had been excluded from analysis, a lot of useful 
information would have been lost.  Also, because the  ‘ŵŝƐƐŝŶŐŶĞƐƐ ? is often dependent on patient 
characteristics, results would be biased by the exclusions.  To mitigate these issues, the method of 
multiple imputation was used prior to fitting the models.  For each patient where one or more 
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variables were missing, the distribution of those variables in patients with similar characteristics was 
used to impute values for the missing variables.  In this way the dataset was completed in a 
probabilistically plausible way.  In order to account for the randomness in completing the dataset in 
this way, the multiple imputation was repeated to create a collection of 1000 completed datasets.  
The modelling was carried out on each of these complete datasets and the results combined to 
produce a final result which makes maximal use of the information in the data but avoids the bias of 
being based on any individual imputed dataset.  Further details of the imputation process are 
included in supplemental materials. 
 
Exploratory analysis and derivation of the final models were carried out using the open-source 
statistical package R (version 3.0.1)(23). The user-contributed CRAN R package  “ŵŝ ? was used to 
implement the method of multiple imputation with chained equations (24). The Royston Parmar 
model was implemented using Stata 13 (StataCorp. 2013), via the module  “ƐƚƉŵ ? ?(25).  
 
RESULTS 
The cumulative incidence of breast cancer and other cause mortality for patients treated surgically 
and non-surgically were derived, after removing patients with ER negative disease and early deaths 
(within 91 days) (Figure 1).  Non-breast cancer causes of death predominate in the PET group, due to  
frailer, less fit women being less likely to have surgery.   
 
[INSERT FIGURE 1] 
 
Five year breast cancer specific survival (BCSS) in the PET and surgery arms was 69% and 90% 
respectively.  Figures 2 and 3 shows the Kaplan Meier estimates for BCSS by stage and for unknown 
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stage at diagnosis (Figure 2), by age group (Figure 3, left) and by number of co-morbidities (Figure 3, 
right).  The curves by stage demonstrate that BCSS was inferior in patients treated with PET 
compared to those who received surgery, regardless of stage at diagnosis. Figure 2 shows that for 
patients with missing stage at diagnosis (bottom right) there was a sharp drop in BCSS in the first 
few months for patients who are treated with PET. This may reflect the fact that some patients in 
this group had undiagnosed advanced disease at diagnosis as mentioned above.   The curves in 
Figure 3 demonstrate that BCSS remained inferior for patients receiving PET despite increasing age.  
The same is true for increasing numbers of co-morbidities, except for those in the highest 
comorbidities category.  Here the degree of separation between outcomes and the width of the 
confidence intervals is less distinct.   It is less clear that the PET choice had a detrimental effect in 
this group. 
 
[INSERT FIGURE 2] 
 
[INSERT FIGURE 3] 
 
The survival models were fit to the datasets following multiple imputation.  The results of the Cox 
proportional hazards (Table SM3) and Royston Parmar model (Table 2 and Figures 4 and SM1) 
demonstrate the effect of treatment and other covariates on BCSS. The estimates from the Cox 
model indicate that the hazard of BC mortality is lower in patients treated surgically. Tumour grade, 
nodal involvement and method of detection also have a strong influence on this outcome, with 
grade 3 disease and node positivity associated with inferior BCSS and screen detection being 
associated with better BCSS. Similar results are seen in the Royston Parmar model. The hazard ratio 
for surgical treatment on breast cancer specific survival, from the Royston Parmar model is shown in 
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Figure 4. The hazard ratio is approximately constant at around 0.37 from year 3 onwards. Hazard 
ratios for other covariates from the Royston Parmar model (Table 2) show that, as would be 
expected, patients with higher grade, larger tumour size, and nodal involvement have a higher 
hazard of breast cancer mortality. Screen detection is associated with a considerably lower hazard of 
breast cancer mortality. There are also small increases in breast cancer mortality associated with 
increased numbers of comorbidities and with income deprivation. 
 
[INSERT TABLE 2]  
 
[INSERT FIGURE 4] 
 
 
 
DISCUSSION 
The results of this analysis show that in a retrospective cohort of older breast cancer patients with 
ER+ disease in the UK, the hazard of breast cancer death was greater in patients treated with PET 
than those who received surgery. Assuming this reflects a true underlying difference in the hazard 
between the two treatment approaches, this will translate into a difference in overall survival. This 
difference is greatest in patients who would otherwise have a high underlying life expectancy, i.e. 
younger and healthier patients. For older, frailer patients, the high risk of death from non-breast 
cancer causes means that the hazard of breast cancer death would have less relative impact on 
overall survival, so the effect of non-surgical treatment on survival outcomes would be smaller. In 
some patients, the difference may be so small that PET would be the preferred treatment option in 
order to avoid any potential morbidity associated with surgery. Given that the registry data contains 
only limited data on underlying health status, it is unsafe to compare the groups in terms of overall 
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survival since many of the observed differences may be explained by unobserved confounding 
variables. Comparisons of BCSS should be less prone to this issue as the observed disease 
characteristics would be expected to have a more significant effect on this outcome. Higher rates of 
PET treatment in the UK than in many other developed countries could explain, at least in part, the 
inferior relative survival for breast cancer in the UK compared with a number of other developed 
nations in this age group. 
The findings of this analysis show similar findings to that of another UK cohort study. This large study 
(n= 1065) looked at outcomes for a cohort of patients aged 70+ recruited between 1973 and 2009 at 
a single specialist centre in Nottingham, England(26). This study also demonstrated that at a 
population level there was a difference in BCSS between patients treated with PET and surgery. 
However, the magnitude of the difference was smaller than that observed in our registry cohort and 
estimates of BCSS were also higher in both the surgery  and PET arms (95% and 84% respectively) 
compared with the registry cohort (90% and 69% respectively).  Our data are from a larger cohort 
from multiple sites, rather than one single site and may therefore be more representative of practice 
across the whole country. In addition, the Nottingham cohort included very ER rich early operable 
cancer; a subgroup analysis suggested that for women with strongly ER+ tumours (H Score >250) 
there was no difference in the effectiveness of the two approaches. The H score was not available 
for the registry cohort so an equivalent analysis was not possible. The historical clinical trials 
comparing these treatment options suggested there was limited difference in effectiveness between 
the two approaches, however ER status was not measured in the majority of the trials. These trials 
are perhaps no longer fully representative of modern practice and outcomes, as detailed above.  
Even well conducted randomised trials are prone to external biases owing to issues of 
generalisability; due, for example, to exclusion of patients with certain characteristics or deviations 
from everyday clinical practice. Routine registration datasets reflects outcomes as observed in real 
life clinical practice; for example, compliance and adherence to endocrine therapy is likely to be 
worse in everyday practice than in a clinical study where treatment is more closely monitored. 
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Routinely collected data has the advantage of reflecting outcomes observed in clinical practice; 
registry data do, however, have some quality issues. There are a high proportion of missing values 
for a number of covariates, especially for patients in the non-surgical group. For example, tumour 
size and clinical node status is not always recorded from imaging reports in these patients. Missing 
data was addressed using multiple imputation. This approach helps to mitigate against biases which 
can occur if patients with missing data are excluded and the missing data is connected to the 
characteristics of the individuals. This contrasts with the complete case analysis approach taken by 
other models in the breast cancer field, for example PREDICT(27).  However missing data was less of 
an issue for the PREDICT model, which is based only on women treated surgically and includes 
younger patients who are more likely to have complete data. In the present study, staging data is 
missing for a number of patients; patients treated non-surgically are more likely to have incomplete 
staging information as non-pathological staging information has historically not always been 
recorded. Exclusion of all patients with missing stage at diagnosis would bias results as the remaining 
sample would not be representative of the population as a whole. Inclusion of all patients with 
missing stage would also be expected to bias results; poorer survival outcomes in the PET group may 
result due to the inability to identify all patients who were treated non-surgically due to the 
presence of advanced stage disease. For this reason, multiple imputation was performed using the 
whole dataset.  In each imputation, patients with actual or imputed Stage IV disease were excluded. 
The technique of multiple imputation used in this study has the advantage of propagating the 
uncertainty due to missing data into the estimates of covariate effects.. This is an attempt to avoid 
the biases which may occur when patients with missing data are excluded from analysis (and the 
missing data is connected to the characteristics of the data). This method is less prone to bias than 
other approaches to analysing registry data such as complete case analysis or treating  “ŵŝƐƐŝŶŐ ? as a 
category in a factor variable.   There is, however, no perfect method for accounting for missing data 
and it may not have accounted for all biases. Analysis of the multiple imputed datasets did not raise 
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any concerns about the validity of the imputation approach. However, by definition it is not possible 
to compare against the true underlying values.  
Observational studies are at risk of confounding between treatment allocation and outcomes, which 
leads to bias in estimates of treatment effects. The statistical techniques used in our study mitigate 
against confounding that is due to factors observed in the dataset. However, these techniques will 
not fully account for the effects of confounders which are not observed in our dataset, especially if 
there are confounders which are uncorrelated to observed covariates. With respect to BCSS, it was 
hypothesized a priori that disease characteristics and age were primary confounders between the 
outcome and treatment choice. On the other hand, unobserved characteristics such as frailty, which 
is not routinely collected by the registry may be accounted for in part due to its correlation with age 
and comorbidity and so are partially adjusted for in the various models. As a result, the key finding in 
the present study are unlikely to be explained as being primarily due to confounding.  By contrast, it 
is clear that these (health) factors could have a strong confounding effect with respect to death from 
non-breast cancer causes, and so overall survival was not considered. 
The Kaplan-Meier curves for BCSS suggest a sharper drop in the survival curve in the early part of the 
curve for the PET group, reflecting a number of early breast cancer deaths in this group.  This pattern 
is not observed in comparable studies; for example, in the Nottingham cohort the difference in BCSS 
grows slowly over time for both groups. One possible explanation for this is potential inaccuracy in 
recording of metastatic disease in the cancer registration data; for example it may not be updated if 
stage IV cancer is detected as a result of follow up staging tests. This may also be due to avoidance 
of surgery in the very frail and ill, who die of other causes soon after diagnosis.  Cause of death may 
be reported inaccurately. It is difficult to attribute death to a single cause, especially in the frail 
elderly, and in routine data breast cancer may be listed as the primary cause of death in cases when 
in fact other causes were the primary contributor. Further research is needed to determine the 
extent to which routine data can be used to accurately model survival outcomes in this population; 
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for example by collecting routine registration data alongside data collected specifically for a clinical 
study. 
 
CONCLUSION 
Our analysis suggests that for older breast cancer patients with ER+ disease, the hazard of breast 
cancer death was greater in patients treated with PET than those who received surgery. This appears 
to contrast with RCT data from historic trials although a trend in favour of surgery was shown on 
meta analysis (5, 28) and a significant advantage for surgery was shown  on long term follow up of 
these studies (11), so the outcome is not discordant.  Our findings suggest that surgery should be 
recommended for the majority of women, with PET being reserved for women with limited life 
expectancy (due to age, frailty or co-morbidity) or those who express a preference not to undergo 
surgery. Findings from this analysis have been used to develop a web-based clinical management 
algorithm to help clinical teams decide on best practice for an individual older woman. Evaluation of 
this tool is ongoing and the data from this study are of value in predicting what may be expected for 
individuals where different treatment options are being considered even though a causal effect can 
not be ascertained due to the non randomised nature of the data.  An ongoing prospective cohort 
study, part of the  Bridging the Age Gap in Breast Cancer (BTAG) project(29),  will provide a more 
detailed dataset to help assess the effects of surgery in older women on survival and recurrence. The 
research programme is also developing and evaluating a series of decision support instruments, 
tailored to older women, to support them in deciding between surgery and PET.  This will be 
targeted at those women where both options are likely to give good outcomes. 
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TABLES & FIGURES 
 
Table 1. Variables provided for analysis after pre-processing as described above and in Supplemental 
Materials. ER Status is shown for completeness but ER- tumours were excluded from further 
analysis.  Missing values for grade, size, nodal status and comorbidities were addressed, prior to 
modelling, using multiple imputation as described in Statistical Analysis. Patients with stage IV 
disease or who died within 91 days of diagnosis were excluded after the multiple imputation (as 
likely to have had advanced disease or be unlikely to benefit from breast cancer treatment). 
 
 n=23849 100.0% 
Region   
North Yorkshire 12916 54.2% 
West Midlands 10933 45.8% 
Age at diagnosis   
70 - 74 6401 26.8% 
75 - 79 6328 26.5% 
80 - 84 5513 23.1% 
85 - 89 3662 15.4% 
90 - 94 1483 6.2% 
95+ 462 1.9% 
Deprivation quintile   
1 (least deprived) 3861 16.2% 
2 4868 20.4% 
3 4761 19.9% 
4 5060 21.2% 
5 5299 22.2% 
Detection route   
Screen detected 1345 5.6% 
Symptomatic 22504 94.4% 
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Tumour stage   
I 5142 21.6% 
II 8445 35.4% 
III 1872 7.8% 
IV 1511 6.3% 
Missing 6879 28.8% 
Tumour diameter (mm, invasive 
component) 
  
[0,10) 972 4.1% 
[10,20) 4584 19.2% 
[20,50) 8487 35.6% 
50+ 1370 5.7% 
Missing 8436 35.4% 
Grade   
1 3120 13.1% 
2 10482 44.0% 
3 5746 24.1% 
Missing 4501 18.9% 
Nodal status   
Negative 6549 27.5% 
Positive 5581 23.4% 
Missing 11719 49.1% 
ER status   
Negative 5119 21.5% 
Positive 18730 78.5% 
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HER2 status   
Negative 4758 20.0% 
Positive 850 3.6% 
Missing 18241 76.5% 
Comorbidity score   
0 16688 70.0% 
1 1882 7.9% 
2 979 4.1% 
3+ 550 1.8% 
Missing 3750 15.7% 
Breast surgery   
No 10475 43.9% 
Yes 13374 56.1% 
Chemotherapy   
No 22675 95.1% 
Yes 1174 4.9% 
Radiotherapy   
No 15759 66.1% 
Yes 8090 33.9% 
Hormone therapy   
No 8558 35.9% 
Yes 15291 64.1% 
 
 
 
 
 21 
Table 2. Estimate of non-time-varying hazard ratios for breast cancer mortality from the 
Royston Parmar restricted cubic spline model 
  
Hazard 
ratio 
Lower  
95% CI 
Upper  
95% CI 
p value 
Comorbidity (per Charlson index 
point) 
1.091 1.02 1.168 0.010 
Symptomatic detection v screened  2.691 1.84 3.896 <0.001 
Deprivation quintile 2 v 1  1.116 0.961 1.297 0.170 
Deprivation quintile 3 v 1  1.105 0.951 1.297 0.213 
Deprivation quintile 4 v 1  1.094 0.942 1.271 0.264 
Deprivation quintile 5 v 1  1.259 1.094 1.448 0.001 
Grade 2 v 1  1.391 1.185 1.632 <0.001 
Grade 3 v 1  2.886 2.46 3.421 <0.001 
Node positive v node negative  2.014 1.804 2.248 <0.001 
Tumour size (per mm diameter) 1.011 1.008 1.013 <0.001 
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Figure 1: Cumulative incidence of breast cancer and other cause mortality for surgery and 
primary endocrine therapy( PET) treatment arms.  Non-breast cancer causes of death 
predominate in the non-surgical group, due to the frailer, less fit women being less likely to 
have surgery.  Five year breast cancer specific survival in the PET and surgery arms were 
69% and 90% respectively.  
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Figure 2: Kaplan Meier estimates for breast cancer specific survival (BCSS) by stage at diagnosis 
and for unknown stage for surgery and PET treatment arms. These curves demonstrate that BCSS is 
inferior in patients treated with PET compared to those receiving surgery, regardless of stage at 
diagnosis. The sharp drop in BCSS in the first few months for patients with missing stage (bottom 
right) who are treated with PET may reflect the fact that some patients in this group have advanced 
disease at diagnosis.   
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Figure 3: Breast cancer specific survival (BCSS) by age group (left) and by comorbidity score (right) 
for surgery and PET treatment arms. These curves demonstrate that BCSS remains inferior for 
patients receiving PET despite older age or increasing numbers of co-morbidities. 
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Figure 4: Time varying hazard ratio for breast cancer specific mortality for surgery versus PET 
treatment arms from Royston-Parmar model. The hazard ratio is approximately constant at around 
0.37 from year 3 onwards 
 
 
 
 
